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Abstract 
Biodiesel from vegetable oils has attracted a great deal of interest as a alternative fuel for fossil diesel. This effort 
able to reduce the dependence on petroleum based fuels and provides a fuel with more benign environmental. Non-
edible vegetable oils are attracting more attention than edible oils due to the concern on food versus fuel and other 
environmental issues. Cerbera manghas oil is one of the promising non-edible feedstocks. Biodiesel production from 
cerbera manghas vegetable was first time reported and investigated. The viscosity of crude oil was 32.83 mm2/s and 
12.64 mg KOH/g for acid value which is far above the 2%. Therefore, cerbera manghas methyl ester (CMME) was 
produced via two step acid-alkaline transesterification using H2SO4 as acid catalyst and KOH as alkaline catalysts. 
Hence 98.5% of biodiesel was achieved with 9:1 methanol in presence of 1% sodium hydroxide. Moreover, blending 
of CCME with diesel resulted in an improvement which the viscosity is reduced to 3.54 mm2/s. On the other hand, 
the blending of CMME also shown the remarkable improvement in oxidation stability (14.55 hours). The properties 
of cerbera manghas methyl ester fell within the recommended biodiesel standards. It can be conclude that cerbera 
manghas oil is promising feedstock for future production of biodiesel 
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1. Introduction  
The shrinking supply of fossil fuels and the growing environmental concerns have made renewable 
energy an extraordinarily attractive alternative energy source for the future [1]. Biodiesel is one of the 
significant solutions for oil shortage, global warming and air pollution. Biodiesel is also known as 
monoalkyl esters of long chain fatty acids (FAME) derived from renewable lipids such as vegetable oils 
and animal fats and alcohol with or without a catalyst [2]. Historically, biodiesel has been prepared from 
numerous edible vegetable oils such as canola (rapeseed), cottonseed, palm, peanut, soybean and 
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sunflower oils [3]. Recently, non-edible vegetable oils or second generation feedstock have been 
considered as propestive feedstock for biodiesel production [4]. This is mostly attributed to their ability to 
overcome the problems of food versus fuel crisis. Moreover, they are available in many parts of the world 
especially wastelands that are not suitable for food crops [5, 6]. Carbera manghas oil is one of the 
alternative and non-edible feedstocks for biodiesel production. There are limit studies further to suggest 
and propose the use of carbera manghas oil as a feedstock for biodiesel production. Therefore, the 
objective of this paper is to produce biodiesel from crude cerbera manghas oil (CCMO) using H2SO4 as 
acid catalyst and KOH alkaline catalyst. After that, the physiochemical properties of the produced 
cerbera manghas methyl ester (CMME) were studied and evaluated based on ASTM D6751 biodiesel 
standard. It is notable that this study suggests a novel alternative biodiesel feedstock as energy source.  
 
2. Botanical description of cerbera manghas  
Cerbera manghas oil is obtained from the fruit of cerberus which is a species from the genus 
cerbera family. Cerbera manghas is naturally distributed from the Seychelles Islands in the Indian Ocean 
eastward to French Polynesia. It occupies coastal habitats and is often associates with mangrove forests. 
This tree has been introduced to Hawaii and other tropical locations as an ornamental [7]. The cerbera 
manghas tree grows to a height of 6–15 m and has dark green fleshy lanceolate leaves. The oil content 
from cerbera manghas seeds is 54%. 
  
3. Methodology 
The cerbera manghas oil was obtained from Bogor, West Java, Indonesia. All the chemicals and 
solvent was supplied locally from Metta Karuna Enterprise, Malaysia. A small scale laboratory reactor 
consisting of 1 litre necked flask, condenser to recover methanol, thermometer and magnetic stirrer with 
heating plate was used in this study to produce biodiesel from CCMO. 1 litre of carbera manghas oil was 
transferred to the reactor, which was pre-heated to desired temperatures before starting the reaction. 2.5 
ml H2SO4 was added to a predetermined 210 ml methanol (approximately 9:1 mole ratio of methanol to 
oil) into reactor for 2 hours at 55oC. After that, the methanol-KOH solution was added to the esterified 
cerbera manghas oil and stirred at 50oC for 1 hour. After the transesterification reaction, the mixture was 
allowed to cool down overnight. The reaction product was separated into two layers with the upper layer 
being methyl ester and the lower layer being glycerine. This was followed by a washing the resulting 
methyl esters with distillate water until the water was neutral and drying with anhydrous CaCl2. After that, 
the purification process was carried out by using a rotary evaporator to further purify the methyl ester. 
The methyl ester yield was calculated based on the weight of the methyl esters produced and the amount 
of cerbera manghas oil added into the flask initially. Furthermore, the carbera manghas biodiesel blends 
(CMB) were prepared based on volume ratio of 90:10, 80:20, 70:30, 60:40 and 50:50 for petrol diesel to 
biodiesel. The mixture of CMB in different amounts were called CMB10, CMB20, CMB30, CMB40 and 
CMB50. 
 
4. Results and discussions 
4.1 Properties CCMO and fatty acid composition 
In this study, the properties and characteristics of CCMO are tested and discussed. It is found that, 
the fatty acid composition of CCMO contains about 82.4% of unsaturated acids and 18.8% of saturated 
acids. Besides, the CCMO has high viscosity and acid value which are 32.83 mm2/s and 13.41 mg KOH/g 
respectively. Therefore, two step esterification and transesterification need to be carried out for CCMO to 
reduce the acid value and convert into fatty acid methyl ester (biodiesel). 
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4.2 Characterization of CMME and biodiesel petrol diesel blends 
The physical and chemical such as viscosity, density, flash point, calorific value, cloud point, pour 
point and acid value were measured. The properties of CMME were measured in the Energy Efficiency 
Laboratory, University of Malaya. These results (biodiesel and biodiesel petrol diesel blends) are 
compared with petrol diesel. All the result is tabulated in Table 1. CMME obtained in this study has a 
viscosity of 4.86 mm2/s and it is shows that CMME fulfilled the ASTM D6751 biodiesel standard. The 
natural density was coupled with variation fatty acid composition and their origin. It can be observed 
from the results that the petrol diesel has the lowest density value of 809 kg/m3 as compared to all fuels. 
CMME and CMB10CMB50 blends display the highest density values of 869.7 kg/m3, 819.2 kg/m3, 
823.1 kg/m3, 840.2 kg/m3 and 843.4 kg/m3 respectively. Flash points are parameters to consider in the 
handling, storage, and safety of biodiesel. The flash point temperatures of the CMME and 
CMB10CMB50 are 159.5oC, 80.5oC, 82.5oC, 84.5oC, 86.6oC and 87.5oC respectively. CMME has a 
higher than the minimum requirements of ASTM D6751 biodiesel standards (120ºC). Thus, the high flash 
point of CMME indicated that CMME can be safely stored and transported at the room temperature. 
Moreover, low temperature properties (cloud point, pour point and CFPP) are important parameter that 
are commonly used in low temperature operability of fuels and reflects their cold weather performance. 
CMB10 has the lowest pour point, cold point and CFPP which were 0.0oC, 3.0oC and 6.0oC 
respectively. It can show that cold weather properties of CMME can be improved by blending with diesel. 
Besides, the calorific value of CMME and CMB10CMB50 is slightly lower than petrol diesel which was 
39.9 MJ/kg. In this study, the acid value of CCME and CMB10CMB50 were found to be 0.17, 0.03, 
0.05, 0.06, 0.07 and 0.09 respectively which met the ASTM D6751 (below 0.50 mg KOH/g). Moreover, 
the iodine value of CMME (108.9 g I2/100 g) was below the maximum limit prescribed in EN 14214 (120 
g I2/100 g). Besides, the high of unsaturated chain in CMME was attributed to increase the iodine value of 
biodiesel. However, the blending biodiesel petrol diesel has given lower iodine value provided 79.3 g 
I2/100 g, 82.6% g I2/100 g, 84.1 g I2/100 g 93.9 g I2/100 g and 95.5 g I2/100 g respectively.  
 
Table 1 Properties of petrol diesel, CMME and CMB 
Properties Unit Test method 
Petrol 
diesel CMME CMB10 CMB20 CMB30 CMB40 CMB50 
Density at 15oC  kg/m3 D1298 809.1 869.7 819.2 823.1 836.5 840.2 843.4 
Viscosity at 40oC  mm2/s D 445 2.91 4.86 3.54 3.57 3.59 3.61 3.63 
Flash point  oC D 93 71.5 159.5 80.5 82.5 84.5 86.5 87.5 
Pour point  oC D 97 2 6.0 0.0 1.5 3.0 4.3 5.2 
Cloud point  oC D 2500 5.0 8.0 3.0 1.0 1.4 2.8 3.8 
CFPP  oC D 6371 8.0 4.0 6.0 3.5 1.0 1.0 2.0 
Calorific value  MJkg EN 14214 45.825 39.925 44.292 43.350 41.600 41.326 40.953 
Oxidation   EN  14112 25.8 8.21 14.55 13.59 13.25 11.63 10.25 
Acid number  mg KOH/g D 664 0.01 0.17 0.03 0.05 0.06 0.07 0.09 
Iodine value   I2/100 g EN 14111  102.9 79.3 82.6 84.1 93.9 95.5 
Ester content  EN 14103  98.9      
 
5. Conclusion  
In this study, biodiesel production from CCMO further was reported and investigated. It is shown 
that CCMO has high unsaturated chain, viscosity and acid value. Thus, two stage esterification and 
transesterification processes are carried out to convert CCMO into biodiesel. The physicochemical 
properties of cerbera manghas biodiesel are fulfilled specification of ASTM D6751 and EN 14214. As 
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conclusion, the newly explored non-edible oil from CCMO can be considered as a future biodiesel 
feedstock. 
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